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 Abstract 
Beavers (Castor canadensis) are ecosystem engineers, causing changes at the landscape level 
due to a combination of their damming and foraging activities. As beaver dam streams, create ponds, 
and maintain canopy openings, the comprehensive impacts of beaver constitute a rare source of 
ongoing disturbance in the forests of northeastern North America. Though the behaviors and impacts 
of beaver on riparian communities have been well studied in several forest regions, they are poorly 
understood within forests of the northeastern United States, where beaver populations are still 
rebounding following regional extirpation, and beaver impacts to the forest potentially represent an 
important source of disturbance in a region where other drivers such as fire and timber cutting have 
been greatly reduced over the last century. Given the unique composition, management history, and 
disturbance regimes of forests within this region, there is a need for new research to quantify impacts 
in this region and to compare beaver foraging preferences and disturbance impacts to other regions. 
In this context, I conducted field surveys throughout New York’s Adirondack State Park in 
summer 2018 to assess beaver foraging preferences and the impacts of beaver activity on forest 
structure and composition. Across 19 sites distributed broadly across the Park, beavers preferentially 
harvested stems between 2 and 10 centimeters, with the 2 to 5 centimeter size class most preferred 
overall. Deciduous tree species were preferentially harvested, with typically disfavored species such as 
American beech (Fagus grandifolia) harvested at higher rates than in studies from other regions. 
Logistic regression models showed clear foraging preferences for stems closer to the impoundment of 
intermediate sizes for all modeled groupings and species. Impacts on forest structure generally 
resembled those found in other regions, while preferred species differed greatly. Understanding the 
 impacts beavers will have on forests in the Northeast is crucially important as beaver continue to 
recolonize their historic range, creating new management challenges and opportunities in years to 
come.
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Introduction 
 
Beaver (Castor canadensis) are ecosystem engineers, known to cause landscape-level changes 
through a combination of their damming and foraging behaviors (Anderson et al., 2014; Burchsted et 
al., 2010; Johnston and Naiman, 1990a; Little et al., 2012; Wright et al., 2002). Once nearly extirpated 
from the United States, beaver populations have begun to rebound as a result of increased hunting 
and trapping regulations, but have not nearly recovered to their historical levels (Call, 2014; Sandoz, 
1964). As such, the effects of beaver on ecosystems and human infrastructure are becoming 
increasingly important (King et al., 1998; Siemer et al., 2013), a trend which will only continue as 
populations continue to recover. 
While beavers are well-known for their ability to create wetland patches by damming and 
impounding streams (Johnston and Naiman, 1990a), the impact of beaver foraging on forest structure 
and composition is likely as important an influence to the riparian community as is their dam building 
activities (Donkor and Fryxell, 1999; Johnston and Naiman, 1990b; Martell et al., 2006). Although 
aquatic vegetation represents an important component of beaver diets (Bergman et al., 2018; Milligan 
and Humphries, 2010; Severud et al., 2013), seasonal fluctuations in availability make woody tree 
species important winter food sources (Svendsen, 1980). As beavers additionally harvest woody stems 
in order to build dams and impound streams (Naiman et al., 1988), they exert considerable selective 
pressure on riparian communities, potentially changing forest structures and compositions as a result 
of their foraging behaviors. 
Beaver are described as central place foragers (Jenkins, 1980), who harvest stems before 
hauling them to a food cache located near their lodges. As such, the energetic costs of harvesting a 
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tree increase as distance increases from the central cache because of the additional energy required to 
haul the stem (Figure 1). It appears that the increase in cost is lessened if the distance is travelled over 
water, possibly due to the buoyancy the water provides to stems and beaver’s relative safety from 
predators while travelling through water (Raffel et al., 2009). As beaver seek to maximize their energy 
efficiency while foraging (Basey and Jenkins, 1995), this increased cost compels beaver to preferentially 
select more energetically efficient forage as they get further from their food cache, and to cease 
foraging at distances where predation risk outweighs the benefits (Figure 1). 
In studies from other regions, preferred forage consists of stems ranging from 2 to 7 
centimeters in diameter, whereas larger stems – which contain more total nutrients, but require more 
energy to haul and possibly provision into smaller sections – are typically less selected for. Additional 
studies have found beaver to prefer deciduous species, whose digestibility (i.e., the percentage of 
biomass convertible into nutrients by beaver) is typically greater than coniferous species (Gallant et al., 
2004). These preferences are generally expressed more strongly as distance from the impoundment 
increases, with species harvested opportunistically by beaver being less selected as their energetic 
return on investment decreases (Figure 1). 
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Figure 1: Conceptual model of beaver foraging preferences with increasing distance from the 
impoundment, from Harrison (2011). Most preferred stems represent species and size classes that are 
consistently harvested in high proportions with distance from the impoundment, whereas non-
preferred ones are taken at uniformly low rates. Opportunistically-harvested stem sizes and species 
may be selected close to the impoundment edge, but are selected less frequently as distance from the 
impoundment increases. 
 
These patterns have been demonstrated repeatedly in boreal regions (Donkor and Fryxell, 
1999; Fryxell and Doucet, 1991; Gerwing et al., 2013; Hood and Bayley, 2008; Nummi and Kuuluvaine, 
2013), the midwestern United States (Raffel et al., 2009), the southwestern United States (Barela et al., 
2016; McGinley and Whitham, 1985), and the western states (Easter-Pilcher, 1987). However, while 
research in the Northeast has examined the impacts beaver may have on stream ecosystems (Smith et 
al., 1989) and plant species richness (Wright et al., 2002), there has been minimal understanding of 
how these foraging preferences translate to the forest regions of northeastern North America.  
These impacts may have outsized importance in the Northeast as compared to other regions, 
considering the unique age structure of the northeastern forest. As these forests are rarely impacted 
by fire and have long overall stand rotation times (Lorimer and White, 2003; Ziegler, 2007), beaver 
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serve as one of the few disturbance agents creating early-successional habitats throughout the 
landscape. Particularly in areas such as New York’s Adirondack State Park, where timber harvesting is 
severely restricted (Adirondack Park Agency, 2016), beaver may serve as one of the most important 
disturbance agents on a landscape level (DeGraaf and Yamasaki, 2003). In this role, beaver may create 
early successional habitat for a vast array of species, providing new management opportunities 
throughout the region (Bouwes et al., 2018; Karraker and Gibbs, 2009; McCall et al., 1996; Popescu and 
Gibbs, 2009; Stevens et al., 2007).  
In this context, there is a need to understand how beaver populations will affect northeastern 
forests at the landscape level as populations continue to increase. Whereas we would expect that 
patterns would be generally similar to those identified in other regions, the northeastern forest is a 
unique ecotype deserving of individual study (Dyer, 2006). With dominant species of sugar maple (Acer 
saccharum), American beech (Fagus grandifolia), red spruce (Picea rubens), and white ash (Fraxinus 
americana), as well as secondarily important inclusions of eastern hemlock (Tsuga canadensis), balsam 
fir (Abies balsamea), red maple (Acer rubrum), and paper birch (Betula papyrifera), beaver foraging 
species preferences in the northeastern forest may differ significantly from those observed in other 
regions. In addition, these different preferences may drive different foraging behavior patterns that 
cause unique impacts to riparian forest structure relative to other regions. 
We surveyed beaver-impacted areas throughout New York’s Adirondack State Park in 2018 to 
identify if beaver foraging preferences and impacts on forest structure consistent with the region’s 
unique forest type and disturbance regime. From this hypothesis, we designed an observational study 
to meet three objectives. First, we sought to identify the impacts beaver activity had on the 
surrounding forest, measuring variation in forest canopy cover, dominant groundcover types, and 
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regeneration densities with increasing distances from beaver impoundments and colonized lakes. 
Secondly, we aimed to quantify and rank beaver selection among Adirondack tree species and 
diameter size classes to identify the most vulnerable components of the forest community, and to 
compare regional differences in selectivity. Finally, we used logistic models of these preferences to 
predict the likelihood of harvest for stems of particular species, sizes, and distances from beaver 
impoundments. Understanding the foraging preferences of beaver will aid efforts in predicting future 
beaver occupancy, whereas information on the impacts beaver have on the surrounding landscape will 
help inform beaver management practices as populations continue to recover. 
 
Methods 
 
Study Area 
 
The Adirondack Park (hereafter the Park) is a 2,400,000 hectare (ha) area of mixed usage land, 
contained entirely within the northern hardwoods-hemlock forest region as defined by Dyer (2006). 
Elevations in the region range from 37 meters above sea level at the Ausable River to 5,344 meters at 
the peak of Mount Marcy, the highest point in New York State (U.S. Geological Survey, 2017). Annual 
precipitation is similarly varied across the state, ranging from 78 centimeters in the northeast to 156 
centimeters in the more mountainous regions (Ito et al., 2002). Seasonal average temperatures range 
from -9 to 20 degrees Celsius, according to data retrieved from the National Center for Environmental 
Information (Diamond et al., 2013). The region has primarily post-glacial soils, with over half of the 
land area composed of glacial till (Cadwell and Schauble, 1993). Some calcium-poor areas within the 
region have recently been severely affected by acid deposition and base leaching, causing a decline in 
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site productivity and impacting ecosystem functionality at multiple trophic levels (Beier et al., 2012; 
Lawrence et al., 2008; Sullivan et al., 2013). 
Slightly more than 1,000,000 ha of the Park is publicly owned by the New York State 
Department of Environmental Conservation (DEC). These public lands are divided into nine land 
management classes, with two of the most restrictive classes – Wilderness and Wild Forest Preserve 
lands – comprising more than 90% of the Park’s public land areas (Adirondack Park Agency, 2016). 
Whereas hunting and trapping are seasonally permitted on these lands, timber harvests are generally 
prohibited on all parcels as soon as they are incorporated into the Forest Preserve. Due to this, and the 
long rotation age of northern hardwood forests (Lorimer and White, 2003), there exists very little 
young forest in the Adirondacks, with most stands increasing in age since their incorporation into the 
Park (McGee et al., 2007). The Adirondacks are a unique place to study beaver, as the relative 
inaccessibility of the landscape may have prevented beavers from ever being truly extirpated, as 
happened in many other regions of the country (Aagaard, 2008; Saunders, 1988). 
 
Site Selection 
 
A data set of all bodies of water within New York State was clipped to only include waterbodies 
on Wilderness and Wild Forest lands of the Adirondacks using ESRI ArcGIS software version 10.6 (ESRI, 
2018; New York State Office of Cyber Security, 2008a, 2008b). As beavers typically prefer to colonize 
streams with lower stream gradients (Curtis and Jensen, 2004), all streams with slopes of over 20% (as 
determined from the US Digital Elevation Model (2017) were removed from this dataset. To ensure 
geographic representation from all areas of the Park, the dataset was subdivided for sampling into 
three regions, representing the southern, central, and northern regions of the Adirondacks. Each of 
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these regions was then further subdivided into its eastern, central, and western thirds, for a total of 
nine regions representing the entire park. 
Ten individual bodies of water were randomly selected from each of these regions as potential 
study sites. Each site was evaluated for signs of beaver colonization using satellite images from 2015 to 
2018 found in Google Earth version 7.3.2.5491 (Alphabet Inc, 2018). Sites with signs of colonization, 
either lakes with food caches or streams with visible beaver impoundments, were examined for 
accessibility using the Caltopo mapping software (Jacobs, 2018). We selected for sampling those sites 
which could reasonably be accessed, defined as being within twenty miles of a trailhead and requiring 
no more than two miles of off-trail navigation. 
The forest community type within a 50 meter buffer of each selected waterbody was identified 
using the LANDFIRE dataset (2016). The distribution of forest community types represented amongst 
the study sites did not significantly differ from that of the greater Adirondacks (χ2 = 0.338, p = 0.845). In 
total, nineteen sites were surveyed as part of this study, including twelve sites along streams and seven 
on lakes (Figure 2).  
 
Field Methods 
 
Plot Structure 
 
At each site, four transects of variable length (see below) were established at equidistant points 
along the perimeter of each surveyed waterbody perpendicular to the edge of water. Clinometer 
measurements were taken along the length of each transect to measure the cross-valley slope, defined 
as the gradient in an upslope direction from the waterbody.  
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Plot centers were established every ten meters along this transect beginning at four meters 
from the body of water and extending until the plot center was at least four meters outside of the 
foraged area, defined as the land area between the impoundment edge and the furthest beaver-
harvested stumps identified upslope. Canopy cover was assessed at each plot center using a spherical 
densiometer (Baudry et al., 2014). 
 
Figure 2: Location of field sites throughout Adirondack Park of New York. Inset is a map showing 
location of the Park within New York State. 
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Vegetation Surveys 
 
Two fixed area plots were established at each plot center. The smaller of these was a two-
meter radius circular understory plot with an area of 12.57 m2, within which all trees, both live stems 
and beaver-harvested stumps, were surveyed for species, diameter (either at breast height or at the 
height of harvest), and height. Diameters were recorded in classes of 1-2 cm, 2-5 cm, 5-10 cm, and 10-
15 cm, with trees of over 15 centimeters being measured to the nearest tenth of a centimeter. Stems 
less than 1 cm in diameter were not recorded for either live or dead fractions because of the difficulty 
in accurately detecting small harvested stems. 
Additionally, these plots were divided into four quadrants, with the single groundcover class 
covering the most ground area within each quadrant recorded as the “dominant” class. Groundcover 
classes were recorded as grasses (all graminoids), woody regeneration, herbaceous species, leaf litter, 
bare soil, bare rocks, and stumps, as well as ferns (class Polypodopsida) and witchhobble (Viburnum 
alnifolium), which were considered as unique classes due to their abundance in the understory and 
roles as interfering vegetation within the forests of the Northeast.  
The larger plot was a four-meter radius circular overstory plot with an area of 50.27 m2, within 
which all stems <5 cm diameter (at breast height for live stems, or height of harvest for beaver-felled 
stumps) were recorded in the same manner as stems in the understory plots. Live tree diameter was 
measured at breast height (1.37 meters), whereas stump diameters were measured immediately 
below the gnaw line. All stems were also classified as either coniferous (family Pinaceae) or deciduous 
(all angiosperm species). Though technically deciduous under other schema, eastern tamarack (Larix 
laricina) was classified as coniferous following this methodology. Stem identification was done 
conservatively, with unidentifiable stems only classified as being coniferous or deciduous.  
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As coniferous species have been known to decay more slowly than deciduous trees (Tarasov 
and Birdsey, 2001), these species, and the rates at which they are harvested by beaver, may be 
somewhat overrepresented in the data. 
 
Data Analysis 
 
The effect of beaver on canopy structure was assessed by calculating for each location along 
the transects perpendicular to shorelines the percentage of each densitometer reading occupied by 
the tree canopy. Spearman’s rank-order correlation value was calculated for the percentage of canopy 
closure and distance from the impoundment (Spearman, 1904). A two-sample t-test was performed to 
see if there was a significant difference in mean canopy closure between stream and lake sites, and 
one-way ANCOVA was used to determine if this difference existed while controlling for distance from 
the body of water. 
 Gradients in groundcover composition along the transects were assessed by calculating the 
percentage of plots dominated by each groundcover class as a simple proportion of the total number 
of surveyed quadrants. Spearman rank-order correlations were calculated between each identified 
groundcover class and distance from the impoundment.  
Species richness for a given site was calculated as the number of species present at that site. 
Plot stem counts were standardized to density per hectare. Stand basal area was calculated as square 
meters per hectare following the formula: 
∑ 𝜋 (
𝐷𝑖
2
)
2𝑛
𝑖=1
∗  
𝑤𝑖
10,000
 
12 
 
Where Di represents each stem diameter (in cm) recorded in a plot and 𝑤𝑖 represents the 
sample expansion factor to convert plot area (either 12.57 m2 or 50.27 m2) to hectares. A one-way 
ANCOVA was utilized to assess differences in coniferous and deciduous stem and basal area densities 
while controlling for distance from the impoundment as a covariate. 
Stem selectivity by beavers for a given size class or species was calculated by dividing the 
number of harvested stumps of that class by the total number of available, both live and harvested 
stems, within each understory plot, with basal area selectivity similarly calculated as a simple 
proportion (Gallant et al., 2004; Harrison, 2011; Raffel et al., 2009) One-way ANCOVAs were used to 
identify forage preferences between coniferous and deciduous stems, as well as preferences between 
size classes with distance as a covariate. Selectivity rates were calculated using data from the 12.57 m2 
understory plots, as the more thorough survey of these plots ensures that no harvested stems were 
missed resulting in sample bias. 
Logistic regression models were developed from data from the understory plots, modeling 
probability of stem harvest by beaver as a function of the stem diameter and distance from the 
impoundment. I developed separate models for the full data set, coniferous and deciduous groupings 
(hereafter referred to as the “three stem groupings”), and each species with more than twenty 
observations in multiple size classes. In these models, stem diameter was included as a continuous 
variable using the midpoint of each stem class (e.g., 1.5 cm for the 1–2 cm size class, 3.5 cm for the 2–5 
cm size class, etc.). For this variable, we tested diameter as either a linear or a quadratic polynomial 
factor (i.e., D + D2) to account for possible non-linear relationships with selectivity. Models for 
individual tree species used distance as a linear factor, whereas the three stem groupings (all stems, 
coniferous, or deciduous trees) used log-transformed distance to satisfy model residual assumptions.  
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A total of eight models were compared for each analysis of stem groupings and individual tree 
species (Table 1). Candidate models were ranked using the Akaike Information Criterion (AIC), with the 
model with the lowest AIC value selected as the best model, with models having ΔAIC <4 (where ΔAIC 
is the AIC difference from the best model) to have substantial empirical support (Akaike, 1974; 
Burnham and Anderson, 2004; Richards, 2005). Model goodness-of-fit was also assessed using the c-
statistic for the area under the receiver operating characteristic (ROC) curve (Austin and Steyerberg, 
2012). A model with a c-statistic value of 0.5 is no more predictive than random chance, whereas 
values of 1.0 reflect a perfectly predictive model. 
Table 1: Model variants used in logistic regressions predicting probability of stem harvest by beaver 
(P). Alternative model variants include diameter (cm) as either a linear or quadratic polynomial 
predictor. Distance is recorded as the plot center distance from the impoundment edge (m). Plot 
distances are included as raw values for individual tree species models (Models 1–8), and as log-
transformed values in candidate models for the three groupings (Models 1 and 9–13). A total of eight 
models were used in any one candidate group for model comparison.  
Model Variant Model Formula 
1 Null Model 
2 P = Diameter 
3 P = Diameter + Diameter^2 
4 P = Distance 
5 P = Distance + Diameter 
6 P = Distance + Diameter + Distance:Diameter 
7 P = Distance + Diameter + Diameter^2 
8 P = Distance+ Diameter + Diameter^2 + Distance:Diameter + Distance:Diameter^2 
9 P = ln(Distance) 
10 P = ln(Distance) + Diameter 
11 P = ln(Distance) + Diameter + ln(Distance):Diameter 
12 P = ln(Distance) + Diameter + Diameter^2 
13 P = ln(Distance)+ Diameter + Diameter^2 + ln(Distance):Diameter + ln(Distance):Diameter^2 
 
Data analyses were performed in R version 3.4.4 (R Core Team, 2018), utilizing the tidyverse 
(Wickham, 2017a), readxl (Wickham and Bryan, 2017), modelr (Wickham, 2017b), broom (Robinson, 
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2018), and DescTools (Signorell, 2018) packages, with additional graphics functionality provided by the 
cowplot (Wilke, 2017) and ggrepel (Slowikowski, 2017) packages. 
 
Results 
 
Canopy Closure 
 
A one-way ANCOVA showed that canopy closure increased significantly with logarithmic 
distance from the impoundment (F1,181 = 22.750, p < 0.001), with stream sites having significantly lower 
canopy closure than lakes (F1,181 = 16.764, p < 0.001, Figure 3). There was no significant interaction 
between site type and distance (F1,181 = 1.422, p = 0.235).  
 
Figure 3: Percent canopy closure as a function of distance from impoundment. All points are plotted at 
95% transparency, meaning darker regions represent more individual points. Circular points represent 
canopy closure values at lake sites, with a linear trendline (equivalent to 81.688 + 0.518 * distance, in 
meters, F1,61 = 3.223, p = 0.078, R2 = 0.03) shown as a solid line. Triangular points represent canopy 
closure values at stream sites, with a linear trendline (equivalent to 44.812 + 1.087 * distance, in 
meters, F1,120 = 11.63, p < 0.001, R2 = 0.08) shown as a dashed line. Grey shading represents the 95% 
confidence interval for each trendline. 
 
15 
 
Groundcover Trends 
 
Nine groundcover classes were identified across all surveyed plots. The groundcover classes 
representing ferns (class Polypodiopsida) and grasses (all graminoid species) exhibited strong positive 
and negative correlations, respectively, between distance from the impoundment and the percentage 
of plots dominated (fern Spearman’s ρ = 0.893, n = 762, p = 0.012; grass Spearman’s p = -0.906, n = 
762, p = 0.005) (Figure 4). No other groundcover class demonstrated a statistically significant 
correlation between distance and percent dominance at α = 0.05. 
 
Figure 4: Percent of plots dominated with increasing distance from the impoundment by selected 
groundcover classes. Not all bars sum to 100% due to missing values. 
 
Forest Structure and Composition 
 
A total of 987 stems were measured within the understory plots, with an additional 830 stems 
measured in the overstory plots (Table 2). Overall, the plots had an average of 1894.15 stems per 
hectare (SD 2088.32 stems ha-1), and a mean basal area of 6.01 square meters per hectare (SD 8.01 m2  
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Table 2: Total number of stems (live and harvested) and stem densities within plots at each distance. 
 
  Stems within 12.57m2 plots Stems within 50.67m2 plots 
Distance 
(m) 
Number of 
Plots (#lake, 
#stream) 
Total 
number of 
stems 
Stem density 
(ha-1) 
Live stem 
density (ha-1) 
Harvested stem 
density (ha-1) 
Total 
number of 
stems 
Stem 
density 
(ha-1) 
Live stem 
density (ha-1) 
Harvested 
stem density 
(ha-1) 
4 
74 
935 2513.68 1075.37 1438.31 522 5613.44 2441.09 3172.35 
(26, 48) 
14 
74 
541 1454.44 1129.14 325.3 310 3333.65 2494.86 838.79 
(26, 48) 
24 
23 
164 1418.55 1089.87 328.69 77 2664.12 1591.55 1072.57 
(7, 16) 
34 
9 
74 1635.76 1436.82 198.94 43 3802.03 3183.1 618.94 
(3, 6) 
44 
4 
55 2735.48 1342.87 1392.61 12 2387.32 1989.44 397.89 
(2, 2) 
54 
3 
29 1923.12 1724.18 198.94 10 2652.58 2652.58 0 
(1, 2) 
64 
2 
11 1094.19 1094.19 0 6 2387.32 2387.32 0 
(0, 2) 
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ha-1). Woody species richness in the overstory plots ranged from 1 to 17 species per site, averaging 
10.79 species per site (SD 3.94) and with 27 unique species identified across all sites. There was a 
positive correlation between species richness and distance from the impoundment (Spearman’s ρ = 
0.165, n = 189, p = 0.022). ha-1).  
Speckled alder had the highest live stem density of all identified species (783.14 SD 3797.39 
stems ha-1), whereas American beech had the highest basal area (1.52 SD 22.56 m2 ha-1) (Table 3). 
Among all harvested stems, speckled alder had the highest stem density (833.67 SD 3816.40 m2ha-1) 
and basal area (0.51 SD 3.35 m2ha-1).  
Linear regressions showed that stem density for all stems pooled together decreased 
significantly with the log-transformed distance from the impoundment (F1,188 = -2.83, p = 0.005, 
adjusted R2 = 0.036, Figure 5), but that there was no significant relationship between distance and 
basal area (F1,188 = 2.92, p = 0.089, adjusted R2 = 0.01, Figure 5). When comparing stem groups, there 
were significantly more deciduous stems than coniferous per hectare when controlling for distance as 
a covariate (F1,226 = 18.55, p < 0.001, Table 4). Coniferous species had significantly more basal area 
when combining live and harvested stems than deciduous species closer to the impoundment, while 
deciduous species had more basal area at further distances (F1,225 = 10.59, p = 0.001, Table 4).  
Seven species were observed more than twenty times within the understory plots, namely 
American beech (Fagus grandifolia), balsam fir (Abies balsamea), eastern hemlock (Tsuga canadensis), 
red maple (Acer rubrum), red spruce (Picea rubens), speckled alder (Alnus incana), and yellow birch (Betula 
alleghaniensis). 
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Table 3: Stem density and basal area per hectare for live and harvested stems of each identified species across all surveyed plots. 
Numbers in parentheses represent standard deviations of that average. “Relative” refers to the proportion of stems or basal area 
within a category made up by that species. Relative proportions may not sum to 1 due to rounding. 
 
 Stem Counts (ha-1) Basal Area (m2 ha-1) 
 Live Stems Harvested Stems Live Stems Harvested Stems 
Common Names Average Relative Average Relative Average Relative Average Relative 
All Species 2387.32 (1870.03) 1.00 1738.92 (3107.18) 1.00 18.83 (25.38) 1.00 1.86 (3.87) 1.00 
American Beech 143.16 (452.09)  0.06 261.05 (1572.7)  0.152 1.52 (22.56)  0.081 0.29 (2.98)  0.161 
American Elm 46.31 (2002.66)  0.02 37.89 (0)  0.022 0.03 (1.63)  0.001 0.04 (0)  0.02 
Balsam Fir 395.78 (748.96)  0.167 42.1 (410.94)  0.024 2.09 (10.93)  0.112 0.08 (2.45)  0.044 
Beaked Hazelnut 8.42 (0)  0.004 4.21 (0)  0.002 0 (0)  0 0 (0)  0 
Black Birch 4.21 (0)  0.002 67.37 (7877.77)  0.039 0 (0)  0 0.08 (5.63)  0.043 
Black Cherry 4.21 (0)  0.002 0 (0)  0 0.02 (0)  0.001 0 (0)  0 
Black Spruce 12.63 (0)  0.005 0 (0)  0 0.07 (4.61)  0.004 0 (0)  0 
Eastern Hemlock 172.63 (608.68)  0.073 4.21 (0)  0.002 3.85 (39.41)  0.205 0 (0)  0.002 
Eastern Tamarack 21.05 (918.88)  0.009 0 (0)  0 0.16 (8.58)  0.009 0 (0)  0 
Fire Cherry 12.63 (0)  0.005 12.63 (0)  0.007 0.14 (9.15)  0.007 0.04 (1.59)  0.023 
Paper Birch 46.31 (1640.53)  0.02 21.05 (459.44)  0.012 0.12 (6.51)  0.006 0.01 (0.77)  0.006 
Red Maple 42.1 (0)  0.018 164.21 (1105.12)  0.095 1.53 (23.6)  0.082 0.15 (1.69)  0.079 
Red Spruce 501.04 (493.82)  0.211 37.89 (601.55)  0.022 5.58 (24.3)  0.298 0.06 (1.38)  0.03 
Speckled Alder 783.14 (3797.39)  0.33 833.67 (3816.4)  0.484 0.51 (3.35)  0.027 0.58 (3.58)  0.316 
Striped Maple 8.42 (0)  0.004 46.31 (626.11)  0.027 0.01 (0)  0 0.07 (1.33)  0.037 
Sugar Maple 12.63 (562.7)  0.005 4.21 (0)  0.002 0 (0.1)  0 0 (0)  0 
White Ash 4.21 (0)  0.002 8.42 (0)  0.005 0.02 (0)  0.001 0.02 (1.94)  0.012 
White Cedar 42.1 (0)  0.018 21.05 (397.89)  0.012 1.26 (49)  0.067 0.19 (8.63)  0.103 
White Pine 12.63 (0)  0.005 12.63 (0)  0.007 0.91 (30.86)  0.048 0.04 (1.95)  0.021 
Yellow Birch 101.05 (1125.4)  0.043 138.94 (2044.38)  0.081 0.92 (24.86)  0.049 0.19 (2.19)  0.103 
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Table 4: One-way ANCOVA results for stems per hectare and basal area per hectare, controlling for 
stem group (coniferous vs. deciduous) with distance from impoundment as a covariate. 
  Term DF SS MS F statistic p value 
Stems per hectare Stem Group 1 5.01E+07 5.01E+07 18.55 < 0.001 
 Distance 1 4.76E+07 4.76E+07 17.61 < 0.001 
  Residuals 226 6.11E+08 2.70E+06   
Basal area per hectare Stem Group 1 75.19 75.19 0.26 0.611 
 Distance 1 3.07E+03 3.07E+03 10.59 0.001 
 Interaction 1 3.93E+03 3.93E+03 13.52 < 0.001 
 Residuals 225 6.53E+04 290.32   
 
 
 
Figure 5: Single plot estimates of number of stems per hectare (left) and basal area (m2) per 
hectare (right) with increasing distance from an impoundment. 
 
 
Overall seedling density did not have a significant correlation with either distance from the 
impoundment (ρ = 0.25, p = 0.598, Figure 6) or canopy closure (ρ = 0.119, p = 0.156). Three species did 
show significant positive correlations between seedling density and canopy closure, specifically 
American beech (ρ = 0.528, p = 0.017), balsam fir (ρ = 0.500, p = 0.021), and red maple (ρ = 0.772, p = 
<0.001). 
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Figure 6: Number of seedlings per plot for all plots (n = 189) plotted against distance from 
impoundment. 
 
 
Beaver Selectivity 
 
Stem selectivity, or the proportion of available stems harvested within the 12.57 m2 understory 
plots, decreased monotonically with increasing distance from the impoundment (Figure 7). Selectivity 
values for each stem diameter class showed that intermediate diameters (2–5 cm) were most 
preferred (Figure 8, Figure 9). Forage activity was most intense in plots closer to the impoundment, 
with distance from the impoundment being a significant predictor of selectivity (F1,1813 = 144.3, p < 
0.001) (Table 5). Beaver also showed a significant preference for deciduous over conifer stems at all 
distances, with this preference increasing with distance from the impoundment. Three species 
recorded in the plot inventories – black cherry, black spruce, and eastern tamarack – were not found to 
have been harvested by beaver at any surveyed site.  
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Figure 7: Percent of available stems harvested as a function of distance from impoundment.  
 
Table 5: Results of one-way ANCOVA for beaver harvesting preference of hardwoods and softwoods, 
with distance as a covariate. 
 
Term DF SS MSS F statistic p value 
Stem Group 1 115.488 115.488 708.548 <0.001 
Distance 1 23.519 23.519 144.293 <0.001 
Interaction 1 3.170 3.170 19.450 <0.001 
Residuals 1813 295.506 0.163   
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Figure 8: Percent of available stems harvested as a function of each diameter class.  
 
Selectivity patterns also varied between individual species (Table 5). Stem selectivity, calculated 
as the proportion of all available stems harvested by beaver, was highest for black birch (0.941) and 
striped maple (0.846), and lowest for eastern hemlock (0.024) and red spruce (0.070) (Table 5). The 
same trends held true for basal area selectivity, the ratio of total basal area of browsed stems to total 
basal area of all available stems, where black birch (0.951) and striped maple (0.892) were the most 
strongly selected species and eastern hemlock (0.001) and red spruce (0.010) were the least selected. 
Other commonly selected species include speckled alder (0.516 stem-wise, 0.534 basal area) and 
American beech (0.633 stem-wise, 0.162 basal area). Most species had greater selectivity on a stem-
wise basis than by basal area, indicating that smaller stems were more desirable. 
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Table 5: Selectivity for each identified species on both a stem count and basal area basis. The first line of the table in bold font indicates the 
average selectivity values across all species.  
 Stem Counts Basal Area (m
2) 
Common Name Live Stems Harvested Stems Total Selectivity Common Name Live Stems Harvested Stems Total Selectivity 
All Species 567 413 980 0.421 All Species 4.453 0.440 4.895 0.090 
Black Birch 1 16 17 0.941 Black Birch 0.001 0.019 0.020 0.951 
Striped Maple 2 11 13 0.846 Striped Maple 0.002 0.016 0.018 0.892 
Red Maple 10 39 49 0.796 American Elm 0.006 0.009 0.015 0.583 
White Ash 1 2 3 0.667 White Ash 0.004 0.005 0.010 0.549 
American Beech 34 62 96 0.646 Speckled Alder 0.120 0.138 0.258 0.534 
Yellow Birch 24 33 57 0.579 Beaked Hazelnut 0.000 0.000 0.001 0.333 
Speckled Alder 186 198 384 0.516 Sugar Maple 0.001 0.000 0.001 0.250 
Fire Cherry 3 3 6 0.500 Fire Cherry 0.033 0.010 0.043 0.228 
White Pine 3 3 6 0.500 Yellow Birch 0.218 0.045 0.262 0.170 
American Elm 11 9 20 0.450 American Beech 0.361 0.070 0.431 0.162 
Beaked Hazelnut 2 1 3 0.333 White Cedar 0.300 0.045 0.345 0.129 
White Cedar 10 5 15 0.333 Red Maple 0.364 0.035 0.398 0.087 
Paper Birch 11 5 16 0.312 Paper Birch 0.028 0.002 0.031 0.080 
Sugar Maple 3 1 4 0.250 White Pine 0.216 0.009 0.225 0.040 
Balsam Fir 94 10 104 0.096 Balsam Fir 0.497 0.019 0.516 0.037 
Red Spruce 119 9 128 0.070 Red Spruce 1.326 0.013 1.340 0.010 
Eastern Hemlock 41 1 42 0.024 Eastern Hemlock 0.915 0.001 0.916 0.001 
Black Spruce 3 0 3 0.000 Black Spruce 0.018 0.000 0.018 0.000 
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Figure 9: Percent of harvested stems belonging to each measured diameter class. A clear preference is 
seen for stems of 2-5 centimeters in diameter, with stems of 1-2 preferred at close distances and stems 
of 5-10 centimeters preferred at further lengths. 
 
Logistic models explaining probability of harvest as a function of stem diameter (in centimeters) 
and distance from the impoundment (in meters) were calculated for each species with more than fifty 
observations across all sites, as well as for the coniferous and deciduous groupings and the overall 
dataset. The candidate sets of models compared for each stem group and species are described in 
Table 1. Model selection criteria and parameter estimates are reported for the best and null models in 
Tables 12 and 13, with selection criteria and parameter estimates for all models reported in Appendix 
A. All modeled groupings and species except for balsam fir had a null model with a ΔAIC of at least 4. 
For all stem groupings and species, the best models showed a negative correlation between 
distance and likelihood of harvest, and a preference for stems of an intermediate size, ca. 5 
centimeters (Tables 6 and 7; Figure 10). The best models for the overall dataset (ROC c-statistic = 
0.670) and for the conifer stem group (ROC c-statistic = 0.733) incorporated log-transformed distance 
from the impoundment, diameter as both a linear and a quadratic term, and interactions between 
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distance and both diameter terms (Table 6). The same model minus the interaction terms was the best 
fit to the deciduous dataset (ROC c-statistic = 0.607).  
For individual species, the best models used linear (raw) distance, rather than log-transformed 
values. All species included the main effects of stem diameter and distance from the impoundment, 
with only speckled alder including an interaction term between the two. The top models for the two 
deciduous species (American beech, c-statistic = 0.669, and yellow birch, c-statistic = 0.958) included 
quadratic terms for distance, indicating a non-monotonic relationship of probability of harvest with 
stem diameter (that is, the most preferred stems were of an intermediate 2 to 5 centimeter diameter 
class). Though the best models for both coniferous species (red spruce c-statistic 0.782, balsam fir c-
statistic 0.617) included diameter as a linear term, rather than a quadratic, the next best models for 
each species, which had nearly equivalent AIC values and substantial weight of evidence, did include 
quadratic terms. Thus, for all species except for speckled alder, the top models indicated consistent 
support for the intermediate stem size preference by beaver (Tables 6 and 7; Figure 10).  
Speckled alder was unique among the individual species to include in its top model an 
interaction term between distance and diameter, and to have probability of harvest monotonically 
decrease with increasing diameter. Speckled alder’s best model also had the worst fit among all the 
species (ROC c-statistic = 0.526). This species also occurred across the most limited range of distances 
from the impoundment, with no species recorded further than 14 meters from the impoundment.
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Figure 10: Predictions of likelihood of stem harvest by beaver as a function of stem size and distance from impoundment for best 
models. Darker colors represent higher probabilities of harvest. Ranges of the X and Y axes for red maple and speckled alder differ 
from those of other plots due to limited ranges of field data. 
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Table 6: Model selection criteria and parameter coefficients for best logistic models for likelihood of stem harvest by beavers. Numbers in parenthesis 
represent standard error for that coefficient. Values for distance from the edge of the impoundment were log-transformed in all candidate models. 
Overall 
Model Rankings Coefficients (and SE) for Effects on Stem Harvest Probability  
Model 
Familya 
k ΔAIC 
Akaike 
Weight 
Cumulative 
Weight 
ROC Intercept Distanceb Diameterc Diameter2 
Distance : 
Diameter 
Distance : 
Diameter2 
13 6 0.0 0.727 0.727 0.570 0.468 (0.142) -1.094 (0.07) 0.552 (0.199) -0.068 (0.029) 0.169 (0.094) -0.016 (0.014) 
1  191.213 0.000 1.000 0.000 -0.311 (0.065)       
Coniferous 
Model Rankings Coefficients (and SE) for Effects on Stem Harvest Probability  
Model 
Familya 
k ΔAIC 
Akaike 
Weight 
Cumulative 
Weight 
ROC Intercept Distanceb Diameterc Diameter2 
Distance : 
Diameter 
Distance : 
Diameter2 
13 6 0.0 0.831 0.831 0.749 -0.33 (0.946) -2.332 (0.615) -0.583 (0.547) 0.089 (0.062) 0.896 (0.35) -0.098 (0.041) 
12 4 3.2 0.169 1.000 0.738 -1.997 (0.485) -1.244 (0.26) 0.813 (0.144) -0.061 (0.015)    
1 1 69.1 0.000 1.000 0 -3.544 (0.141)       
Deciduous 
Model Rankings Coefficients (and SE) for Effects on Stem Harvest Probability  
Model 
Familya 
k ΔAIC 
Akaike 
Weight 
Cumulative 
Weight 
ROC Intercept Distanceb Diameterc Diameter2 
Distance : 
Diameter 
Distance : 
Diameter2 
13 6 0.0 0.819 0.819 0.570 0.791 (0.16) -1.14 (0.077) 0.45 (0.242) -0.036 (0.038) 0.272 (0.111) -0.033 (0.017) 
12 4 3.0 0.181 1.000 0.571 0.462 (0.095) -0.974 (0.041) 1.001 (0.086) -0.102 (0.013)    
1 1 935.4 0.000 1.000 0 -0.876 (0.027)           
(a) Defined in Table 1. Null models (i.e., those with intercept parameter only) are indicated as model variant #1. 
(b) Meters from impoundment edge, included as log-transformed values in all models. 
(c) Centimeters at breast height (for live stems) or height of harvest (for felled stumps). 
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Table 7: Model selection criteria and parameter coefficients for best logistic models for likelihood of stem harvest by beavers. Numbers in 
parenthesis represent standard error for that coefficient. 
Balsam Fir 
Model Rankings Coefficients (and SE) for Effects on Stem Harvest Probability  
Model 
Familya 
k ΔAIC 
Akaike 
Weight 
Cumulative 
Weight 
ROC Intercept Distanceb Diameterc Diameter2 
Distance : 
Diameter 
Distance : 
Diameter2 
7 4 0.0 0.618 0.618 0.949 -7.372 (1.754) -0.141 (0.075) 3.206 (0.803) -0.322 (0.082)    
3 3 2.2 0.210 0.827 0.932 -8.543 (1.707)  2.958 (0.777) -0.285 (0.078)    
8 6 2.5 0.173 1.000 0.951 6.19 (1562.501) -3.410 (390.625) -3.500 (712.299) 0.452 (85.345) 
1.586 
(178.057) -0.183 (21.336) 
1 1 38.6 0.000 1.000 0.000 -4.284 (0.318)           
American Beech 
Model Rankings Coefficients (and SE) for Effects on Stem Harvest Probability  
Model 
Familya 
k ΔAIC 
Akaike 
Weight 
Cumulative 
Weight 
ROC Intercept Distanceb Diameterc Diameter2 
Distance : 
Diameter 
Distance : 
Diameter2 
7 4 0.0 0.700 0.700 0.669 0.932 (0.200) -0.102 (0.01) 1.221 (0.288) -0.144 (0.040)    
8 6 1.7 0.299 0.999 0.667 0.463 (0.420) -0.078 (0.021) 2.073 (0.780) -0.234 (0.101) -0.040 (0.033) 0.004 (0.004) 
1 1 162.5 0.000 1.000 0 0.249 (0.078)           
Yellow Birch 
Model Rankings Coefficients (and SE) for Effects on Stem Harvest Probability  
Model 
Familya 
k ΔAIC 
Akaike 
Weight 
Cumulative 
Weight 
ROC Intercept Distanceb Diameterc Diameter2 
Distance : 
Diameter 
Distance : 
Diameter2 
8 6 0.0 0.737 0.737 0.591 -1.849 (0.623) -0.116 (0.047) 3.298 (1.230) -0.292 (0.218) -0.056 (0.084) 0.000 (0.016) 
7 4 2.2 0.246 0.983 0.590 -1.270 (0.274) -0.163 (0.020) 2.416 (0.469) -0.269 (0.061)    
1 1 140.7 0.000 1.000 0.000 -1.343 (0.091)           
(a) Defined in Table 1. Null models (i.e., those with intercept parameter only) are indicated as model variant #1.  
(b) Meters from impoundment. 
(c) Centimeters at breast height (for live trees) or height of harvest (for stumps) 
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Table7 (cont.): Model selection criteria and parameter coefficients for logistic models for likelihood of stem harvest by beavers. Numbers in 
parenthesis represent standard error for that coefficient. 
Red Spruce 
Model Rankings Coefficients (and SE) for Effects on Stem Harvest Probability  
Model 
Familya 
k ΔAIC 
Akaike 
Weight 
Cumulative 
Weight 
ROC Intercept Distanceb Diameterc Diameter2 
Distance : 
Diameter 
Distance : 
Diameter2 
7 4 0.0 0.477 0.477 0.737 -4.669 (0.634) -0.053 (0.040) 1.493 (0.410) -0.147 (0.053)    
3 3 0.6 0.358 0.835 0.644 -5.129 (0.563)  1.375 (0.400) -0.134 (0.051)    
8 6 2.1 0.163 0.998 0.739 -5.415 (0.867) 0.023 (0.061) 2.094 (0.600) -0.206 (0.070) -0.059 (0.041) 0.005 (0.004) 
1 1 13.3 0.001 0.999 0.000 -3.784 (0.280)           
Red Maple 
Model Rankings Coefficients (and SE) for Effects on Stem Harvest Probability  
Model 
Familya 
k ΔAIC 
Akaike 
Weight 
Cumulative 
Weight 
ROC Intercept Distanceb Diameterc Diameter2 
Distance : 
Diameter 
Distance : 
Diameter2 
6 4 0.0 0.613 0.613 0.55 -2.355 (0.149)  -0.026 (0.009)  0.298 (0.144)    -0.009 (0.006)  
5 3 1.0 0.381 0.994 0.54 -2.234 (0.122)  -0.032 (0.008)  0.109 (0.031)      
1 1 28.7 0.000 1.000 0.00 -2.601 (0.078)        
Speckled Alder 
Model Rankings Coefficients (and SE) for Effects on Stem Harvest Probability  
Model 
Familya 
k ΔAIC 
Akaike 
Weight 
Cumulative 
Weight 
ROC Intercept Distanceb Diameterc Diameter2 
Distance : 
Diameter 
Distance : 
Diameter2 
6 4 0.0 0.720 0.720 0.413 1.348 (0.151) -0.300 (0.029) -0.094 (0.090)  0.046 (0.013)   
8 6 1.9 0.278 0.998 0.414 1.265 (0.200) -0.302 (0.037) 0.093 (0.231) -0.040 (0.042) 0.044 (0.032) 0.001 (0.005) 
1 1 236.3 0.000 1.000 0.000 -0.072 (0.047)           
(a) Defined in Table 1. Null models (i.e., those with intercept parameter only) are indicated as model variant #1. 
(b) Meters from impoundment. 
(c) Centimeters at breast height (for live trees) or height of harvest (for stumps)
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Discussion 
 
 The impacts of beaver foraging on riparian forest communities adjacent to their impoundments 
and lakes in the Adirondacks were strongly correlated with changes in site canopy closure and forest 
structure, with these changes more pronounced closer to the impoundment. While beaver preferred 
similar stem sizes for forage as has been observed in other regions, their relative preferences of woody 
species diverged considerably, likely due to the unique land history and forest type of the Adirondacks. 
Logistic models of harvest probability based on stem size and distance from ponds were generally good 
fits to the collected data, with all modeled species showing strong preferences for intermediate-sized 
stems located closer to the impoundment. These results support predictions of both central place 
foraging theory (Figure 1) and expectations of size-based optimal energy returns (Fryxell and Doucet, 
1991; McGinley and Whitham, 1985).  
 
Canopy Closure 
 
 The impacts of flooding following dam construction by beavers have many effects on the 
structure and composition of riparian zones, which vary depending upon the topography, chemical 
composition of the site, and land use history (Burchsted et al., 2010; Little et al., 2012; Nummi and 
Kuuluvaine, 2013). As these flooding impacts may be minimal or nonexistent in lake environments 
(Collen and Gibson, 2000), changes in canopy closure with proximity to the waterbody at these sites 
may be more directly tied to beaver forage activities rather than inundation mortality. As such, it is 
likely that the strong difference in canopy closure observed in this study between lake and stream sites 
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reflects the impacts of damming activities; stream sites consistently have more gaps in their canopy 
due to the impacts of flooding on the riparian community.   
Forest Structure 
 
 Between their damming and foraging activities, beavers appear to exert a significant amount of 
influence over the structure of the surrounding riparian forest. Plots further from the impoundment – 
and therefore less impacted by flooding and foraging – had significantly more stems per hectare than 
those closer with more impacts, suggesting that beaver activity reduces stem density in the riparian 
zone.  
 The increased abundance of American beech, red maple, and balsam fir seedlings with 
increasing canopy closure may be a result of poor regeneration in saturated, hypoxic soils adjacent to 
beaver impoundments where the canopy tends to be less open, rather than an intrinsic preference for 
shaded sites. These soils may present inhospitable conditions to seedlings, which may be ameliorated 
by increased distance from the impoundment. More research would be necessary to confirm this as a 
causal factor for the unexpected positive correlations between seedling density, distance from the 
impoundment, and canopy closure that were observed across sites. 
 
Size Selectivity 
 
 Almost all species had a higher selectivity value on a stem basis than by basal area, suggesting 
that beavers tend to preferentially harvest smaller stems when available, and leave larger stems (with 
more proportional basal area) intact. Over 95% of harvested stems were between 1 and 10 
centimeters diameter, and beaver showed the strongest preference for intermediate-sized stems of 2-
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5 centimeters (Figures 8 and 9). Stems of 1-2 centimeters appear to be harvested opportunistically, 
whereas stems of 2-5 centimeters were the most preferred size class, as represented by the 
conceptual model advanced by Harrison (2011) (Figure 1). This supports Fryxell and Doucet’s (1991) 
hypothesis that size selectivity would follow a non-linear modal pattern, with the stems of 2-5 
centimeters providing the maximum energetic return against the harvest and provisioning energy they 
require. This non-linear, modal pattern can be seen in the mean diameter harvested by beavers with 
increasing distance from the impoundment (Figure 9), and in the inclusion of a quadratic term for stem 
diameter in most of the best models for stem groupings and individual species (Tables 6 and 7; Figure 
10).  This trend has been observed in other regions of North America (McGinley and Whitham, 1985; 
Woodard, 1994), as well as in regions where beaver have been introduced as an invasive species (Silva 
and Saavedra, 2008), suggesting beaver prefer intermediate size stems regardless of the surrounding 
environment. 
 
Species Selectivity 
 
 The forests of the northern United States are a unique forest type, serving as a transition 
between the boreal forests further north and the hardwood trees more prevalent to the south. The 
Northeast is further differentiated thanks to the predominance in the landscape of eastern hemlock 
and red spruce, contrasting it with the red pine-focused forests further west (Dyer, 2006). The 
Adirondack State Park, located in the northeastern corner of New York State, exemplifies this cover 
type, with spruce and hemlock dominating both old-growth and second-growth forests (Ziegler, 2000). 
Additionally, due to the protections afforded the Park by the New York state constitution (N.Y. Const. 
Art XIV), the Adirondacks are largely unimpacted by human disturbances, making them both the largest 
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and best protected area of public lands in the eastern United States (Gibson, 1994). As natural stand 
rotations tend to be longer in northeastern forests, and this region is generally fire-resistant, there 
exists very limited early-successional habitat within the Adirondack State Park (Lorimer and White, 
2003; Ziegler, 2007).  
 Due to this combination of biogeography and land use history, many species preferred by 
beaver in other regions were absent or marginal in this study. In particular, quaking aspen (Populus 
tremuloides) was not observed in any of our plots, likely due to its shade intolerance and tendency to 
colonize highly disturbed habitats (Ziegler, 2007). As many studies have found quaking aspen to be one 
of the most strongly selected-for species by beaver (Donkor and Fryxell, 1999; Fryxell and Doucet, 
1993, 1991; Hayes, 2012; Johnston and Naiman, 1990b), its absence in these study sites causes the set 
of preferred species to diverge dramatically from other regions. American beech and yellow birch, for 
example, were two of the most preferred species in this study, with selectivity patterns following that 
expected for opportunistically harvested species (Figure 1, Figure 7). Selectivity values and patterns for 
other species more closely reinforce prior research, with coniferous species being similarly avoided and 
species such as red maple among the most preferred species, as in other studies (Donkor and Fryxell, 
2000; Gallant et al., 2004). 
The high selectivity rate of American beech (0.646 stem-wise and 0.162 by basal area), in 
particular,  is interesting both in light of past studies regarding beech as an avoided species and in that 
beech is typically avoided by other herbivores, such as deer, due to its high lignin content (Long et al., 
2007; Redding, 1995). Studies in the Midwest (Raffel et al., 2009) and New Brunswick (Gallant et al., 
2004, though the sample size is non-comparable) documented it to be an avoided species. The 
relatively higher selectivity of in the present study may be due to the relatively high proportion of 
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beech in Adirondack forests, and the general scarcity of more generally preferred species. Despite its 
high selectivity rate, beech still makes up a smaller proportion of harvested stems and basal area than 
it composes in the live forest (Table 6). Further study is required to identify if this difference is simply 
due to behaviors in these particular study sites or a commonality between Adirondack beaver 
populations.  
It is possible that part of beech’s high selectivity rates may be traced to the impacts of beech 
bark disease upon the species’ stem size distribution. Beech bark disease is likely caused by an insect 
pest predisposing trees to a fungal infection, resulting in stem death and root suckering by the affected 
tree (Cale et al., 2017). Due to these dynamics, impacted areas such as the Adirondacks often have a 
higher number of small beech stems within the range of preferred size for beaver foraging (Giencke et 
al., 2014). The increased abundance of stems of the desired size may result in higher rates of 
opportunistic harvest for this otherwise nonpreferred species. 
These results broadly agree with a recent study from the central Adirondacks by Harrison 
(2011), which found similar preferences for species such as American beech and yellow birch, and for 
stems closer to the impoundment and of intermediate size classes. Differences between these studies, 
such as the higher preference for red maple in this study and wider diversity of woody species 
harvested, likely stem from the complexity of the Adirondack landscape.  
 
Selectivity Models 
 
 The general trend of selectivity declining with increasing distance from the impoundment 
supports findings from other regions (e.g. Raffel et al., 2009) that as central place foragers (Fryxell and 
Doucet, 1991), beavers will tend to concentrate foraging activities in areas closer to their 
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impoundment to optimize energy usage and reduce the risk of predation. This energy optimization 
explains the trend for greater size selectivity as distance increases (Figure 8) and the higher preference 
for deciduous stems at all distances (Figure 7). 
Model goodness-of-fit was generally highest for species that were selected the most 
consistently, such as American beech, which was harvested more frequently than any other modeled 
species, and red spruce, which were generally selected against. Species and groups exhibiting more 
variance in their rates of selection, such as the general deciduous group and the overall dataset (which 
included the full range of preferred and avoided species), generally had poorer fit in their best models. 
Conclusions 
 
As ecosystem engineers, beavers exert considerable control over riparian environments 
through a combination of their foraging and dam-building behaviors. As beavers continue to recolonize 
their historic range, it is important that ecologists and land managers are able to understand and 
predict the impacts these activities may have on forest structure and composition in years to come. 
This study shows that changes in canopy closure and tree densities associated with beaver activity can 
be well predicted with distance from waterbodies, which are easily mappable landscape features. 
Furthermore, we can predict the probability of harvest for individual size classes and species of trees 
with moderate (for deciduous species) to high (for conifers) accuracy based on distance from these 
waterbodies. This information can be used to inform land management practices such as riparian 
buffers and designation of areas of high wildlife habitat value as beaver populations, and the impacts 
associated with them, continue to increase throughout the Northeast. 
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Appendix A: Results of a one-way ANCOVA evaluating site type (lake or stream) impact on canopy cover with log-transformed distance from the 
impoundment as a covariate. 
 
Source of 
Variance 
df SS MS 
F 
statistic 
p value 
Site Type 1 33467.062 33467.062 22.750 < 0.001 
Distance 1 24660.189 24660.189 16.764 < 0.001 
Interaction 1 2091.551 2091.551 1.422 0.235 
Residuals 181 266260.212 1471.051   
 
 
 
 
Appendix B: Percentage of plots (divided into quadrants) at each distance dominated by each groundcover class.  
 
Distance (m) Number of Quadrants Soil Fern Grass Herbaceous Litter Moss Regeneration Rock Stumps Witchhobblea 
4 296 7.09 3.04 25.68 21.28 25.68 6.08 8.11 0.68 0.00 1.01 
14 296 2.03 8.11 21.62 13.18 33.78 7.09 6.08 2.36 0.34 1.35 
24 92 8.70 14.13 2.17 9.78 33.70 14.13 9.78 2.17 0.00 5.43 
34 37 10.81 16.22 0.00 13.51 35.14 2.70 8.11 10.81 0.00 2.70 
44 15 0.00 26.67 0.00 13.33 26.67 0.00 0.00 6.67 0.00 26.67 
54 12 0.00 16.67 0.00 25.00 58.33 0.00 0.00 0.00 0.00 0.00 
64 8 0.00 25.00 0.00 25.00 37.50 12.50 0.00 0.00 0.00 0.00 
a Viburnum alnifolium. 
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Appendix C: Spearman ρ coefficients and p values for correlation between distance from the impoundment 
and percent dominance of each identified groundcover class. ρ was not calculated for groundcover class 
“stump” due to insufficient observations. 
Groundcover class ρ estimate p value 
Soil -0.630 0.129 
Fern 0.893 0.012 
Grass -0.906 0.005 
Herbaceous 0.559 0.192 
Litter 0.714 0.088 
Moss -0.234 0.613 
Regen -0.730 0.063 
Rock -0.342 0.452 
Stump -0.408 0.363 
Witchhobblea -0.306 0.504 
(a) Viburnum alnifolium 
 
 
Appendix D:  Number of seedlings per plot for all plots (n = 189) plotted against plot canopy cover 
 for species with significant correlations at α = 0.05. 
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Appendix E: Comparison of stem-wise selectivity and basal area selectivity for all species with more than 20 
observations, with the 1:1 unity relationship for reference (dashed line).  
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Appendix F: Model selection criteria, parameter coefficients, and standard error of coefficients for all logistic models of likelihood of stem harvest 
by beavers.  
Overall 
Model Rankings Coefficients (and SE) for Effects on Stem Harvest Probability 
Model 
Familya 
k ΔAIC 
Akaike 
Weight 
Cumulative 
Weight 
ROC Intercept Distanceb Diameterc Diameter2 
Distance : 
Diameter 
Distance : 
Diameter2 
13 6 0.0 0.727 0.727 0.57 0.468 (0.142) -1.094 (0.07) 0.552 (0.199) -0.068 (0.029) 0.169 (0.094) -0.016 (0.014) 
12 4 2.0 0.273 1.000 0.57 0.235 (0.087) -0.975 (0.04) 0.89 (0.07) -0.1 (0.01)    
10 3 237.4 0.000 1.000 0.56 0.729 (0.078) -0.974 (0.39) 0.046 (0.014)     
11 4 238.8 0.000 1.000 0.56 0.759 (0.087) -0.989 (0.044) 0.017 (0.04) 0.014 (0.018)    
9 2 245.2 0.000 1.000 0.48 0.769 (0.039) -0.971 (0.039) 0.097 (0.04)     
3 3 717.5 0.000 1.000 0.21 -1.712 (0.047)  0.892 (0.067) -0.101 (0.01)    
2 2 978.9 0.000 1.000 0.19 -1.211 (0.029)  0.037 (0.013)     
1 1 984.0 0.000 1.000 0 -1.175 (0.026)   0.01 (0.04)       
Deciduous 
Model Rankings Coefficients (and SE) for Effects on Stem Harvest Probability 
Model 
Familya 
k ΔAIC 
Akaike 
Weight 
Cumulative 
Weight 
ROC Intercept Distanceb Diameterc Diameter2 
Distance : 
Diameter 
Distance : 
Diameter2 
13 6 0.0 0.819 0.819 0.57 0.791 (0.16) -1.14 (0.077) 0.45 (0.242) -0.036 (0.038) 0.272 (0.111) -0.033 (0.017) 
12 4 3.0 0.181 1.000 0.57 0.462 (0.095) -0.974 (0.041) 1.001 (0.086) -0.102 (0.013)    
11 4 123.6 0.000 1.000 0.56 0.648 (0.103) -0.877 (0.048) 0.598 (0.082)  -0.133 (0.03)   
10 3 148.9 0.000 1.000 0.56 0.962 (0.082) -1.005 (0.041) 0.219 (0.023)     
9 2 242.0 0.000 1.000 0.49 1.086 (0,081) -0.975 (0,04)      
3 3 658.1 0.000 1.000 0.52 -1.53 (0.054)  1.082 (0.082) -0.119 (0.013)    
2 2 867.7 0.000 1.000 0.51 -1.024 (0.033)  0.181 (0.023)     
1 1 935.4 0.000 1.000 0 -0.876 (0.027)           
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Appendix F (cont): Model selection criteria, parameter coefficients, and standard error of coefficients for logistic models for likelihood of stem 
harvest by beavers.  
Coniferous 
Model Rankings Coefficients (and SE) for Effects on Stem Harvest Probability 
Model 
Familya 
k ΔAIC 
Akaike 
Weight 
Cumulative 
Weight 
ROC Intercept Distanceb Diameterc Diameter2 
Distance : 
Diameter 
Distance : 
Diameter2 
13 6 0.0 0.831 0.831 0.75 -0.33 (0.946) -2.332 (0.615) -0.583 (0.547) 0.089 (0.062) 0.896 (0.35) -0.098 (0.041) 
12 4 3.2 0.169 1.000 0.74 -1.997 (0.485) -1.244 (0.26) 0.813 (0.144) -0.061 (0.015)    
3 3 31.8 0.000 1.000 0.52 -1.312 (0.532) -1.289 (0.304) 0.066 (0.094)  0.023 (0.051)   
10 3 32.3 0.000 1.000 0.70 -1.429 (0.456) -1.22 (0.254) 0.105 (0.032)     
11 4 34.1 0.000 1.000 0.70 -1.189 (0.445) -1.229 (0.253)      
9 2 39.1 0.000 1.000 0.50 -4.393 (0.223)  0.799 (0.133) -0.058 (0.013)    
2 2 61.5 0.000 1.000 0.51 -3.772 (0.167)  0.108 (0.031)     
1 1 69.1 0.000 1.000 0 -3.544 (0.141)       
American Beech 
Model Rankings Coefficients (and SE) for Effects on Stem Harvest Probability 
Model 
Familya 
k ΔAIC 
Akaike 
Weight 
Cumulative 
Weight 
ROC Intercept Distanceb Diameterc Diameter2 
Distance : 
Diameter 
Distance : 
Diameter2 
7 4 0.0 0.700 0.700 0.669 0.932 (0.200) -0.102 (0.01) 1.221 (0.288) -0.144 (0.040)    
8 6 1.7 0.299 0.999 0.667 0.463 (0.420) -0.078 (0.021) 2.073 (0.780) -0.234 (0.101) -0.040 (0.033) 0.004 (0.004) 
6 4 14.3 0.001 1.000 0.660 1.132 (0.204) -0.081 (0.011) 0.610 (0.219)  -0.02 (0.008)   
5 3 21.3 0.000 1.000 0.657 1.499 (0.153) -0.097 (0.010)      
4 2 23.2 0.000 1.000 0.618 1.545 (0.152) -0.092 (0.010)      
3 3 143.9 0.000 1.000 0.178 -0.158 (0.155)  0.723 (0.239) -0.087 (0.033)    
1 1 162.5 0.000 1.000 0 0.249 (0.078)       
2 2 163.6 0.000 1.000 0.118 0.290 (0.090)   -0.040 (0.042)       
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Appendix F (cont): Model selection criteria, parameter coefficients, and standard error of coefficients for logistic models for likelihood of stem 
harvest by beavers.  
Balsam Fir 
Model Rankings Coefficients (and SE) for Effects on Stem Harvest Probability 
Model 
Familya 
k ΔAIC 
Akaike 
Weight 
Cumulative 
Weight 
ROC Intercept Distanceb Diameterc Diameter2 
Distance : 
Diameter 
Distance : 
Diameter2 
7 4 0.0 0.618 0.618 0.949 -7.372 (1.754) -0.141 (0.075) 3.206 (0.803) -0.322 (0.082)    
3 3 2.2 0.210 0.827 0.932 -8.543 (1.707)  2.958 (0.777) -0.285 (0.078)    
8 6 2.5 0.173 1.000 0.951 6.19 (1562.501) -3.410 (390.625) -3.500 (712.299) 0.452 (85.345) 1.586 (178.057) -0.183 (21.336) 
5 3 30.0 0.000 1.000 0.790 -3.990 (0.604) -0.086 (0.053) 0.232 (0.066)     
2 2 31.4 0.000 1.000 0.901 -4.834 (0.418)  0.228 (0.063)     
6 4 31.9 0.000 1.000 0.792 -4.117 (0.729) -0.071 (0.067) 0.260 (0.109)  -0.003 (0.011)   
4 2 36.9 0.000 1.000 0.451 -3.364 (0.538) -0.092 (0.054)      
1 1 38.6 0.000 1.000 0 -4.284 (0.318)           
Red Maple 
Model Rankings Coefficients (and SE) for Effects on Stem Harvest Probability 
Model 
Familya 
k ΔAIC 
Akaike 
Weight 
Cumulative 
Weight 
ROC Intercept Distanceb Diameterc Diameter2 
Distance : 
Diameter 
Distance : 
Diameter2 
6 4 0.0 0.613 0.613 0.545 -2.355 (0.149)  -0.026 (0.009)  0.298 (0.144)    -0.009 (0.006)  
5 3 1.0 0.381 0.994 0.541 -2.234 (0.122)  -0.032 (0.008)  0.109 (0.031)      
4 2 9.2 0.006 1.000 0.454 -2.171 (0.12)  -0.031 (0.007)       
2 2 21.6 0.000 1.000 0.218 -2.673 (0.082)   0.101 (0.031)      
1 1 28.7 0.000 1.000 0.000 -2.601 (0.078)        
8 6 8908.3 0.000 1.000 0.570 -1.6E+15 (3.6E+6)  -3.6E+13 (1.4E+5)  1.9E+15 (5.8E+6)  -6.8E+14 (2.5E+5)  5.2E+9 (9.4E+3)  
-2.6E+13 
(1.9E+6)  
7 4 10346.1 0.000 1.000 0.134 -3.3E+15 (2.7E+6)  1.5E+11 (8.8E+4)  1.2 (3.5E+6)  -4.4E+15 (1.3E+5)     
3 3 10416.2 0.000 1.000 0.123 -4.5E+14 (2.3E+6)    1.8E+15 (3.5E+6)  -6.3E+13 (1.3E+5)      
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Appendix F (cont): Model selection criteria, parameter coefficients, and standard error of coefficients for logistic models for likelihood of stem 
harvest by beavers.  
Red Spruce 
Model Rankings Coefficients (and SE) for Effects on Stem Harvest Probability 
Model 
Familya 
k ΔAIC 
Akaike 
Weight 
Cumulative 
Weight 
ROC Intercept Distanceb Diameterc Diameter2 
Distance : 
Diameter 
Distance : 
Diameter2 
7 4 0.0 0.477 0.477 0.74 -4.669 (0.634) -0.053 (0.040) 1.493 (0.410) -0.147 (0.053)    
3 3 0.6 0.358 0.835 0.64 -5.129 (0.563)  1.375 (0.400) -0.134 (0.051)    
8 6 2.1 0.163 0.998 0.74 -5.415 (0.867) 0.023 (0.061) 2.094 (0.600) -0.206 (0.070) -0.059 (0.041) 0.005 (0.004) 
1 1 13.3 0.001 0.999 0 -3.784 (0.280)       
4 2 14.3 0.000 0.999 0.39 -3.439 (0.445) -0.033 (0.037)      
2 2 14.3 0.000 1.000 0.58 -3.932 (0.330)  0.067 (0.064)     
5 3 15.3 0.000 1.000 0.65 -3.578 (0.474) -0.034 (0.037) -0.069 (0.063)     
6 4 17.2 0.000 1.000 0.66 -3.649 (0.522) -0.026 (0.043) 0.097 (0.104)   -0.003 (0.010)   
Speckled Alder 
Model Rankings Coefficients (and SE) for Effects on Stem Harvest Probability 
Model 
Familya 
k ΔAIC 
Akaike 
Weight 
Cumulative 
Weight 
ROC Intercept Distanceb Diameterc Diameter2 
Distance : 
Diameter 
Distance : 
Diameter2 
6 4 0.0 0.720 0.720 0.41 1.348 (0.151) -0.300 (0.029) -0.094 (0.090)  0.046 (0.013)   
8 6 1.9 0.278 0.998 0.41 1.265 (0.200) -0.302 (0.037) 0.093 (0.231) -0.040 (0.042) 0.044 (0.032) 0.001 (0.005) 
5 3 12.3 0.002 0.999 0.41 0.972 (0.105) -0.227 (0.018) 0.191 (0.052)     
7 4 13.8 0.001 1.000 0.41 0.926 (0.123) -0.227 (0.018) 0.281 (0.134) -0.018 (0.025)    
4 2 24.7 0.000 1.000 0.28 1.098 (0.100) -0.217 (0.018)      
2 2 236.0 0.000 1.000 0.20 -0.137 (0.064)  0.068 (0.045)     
1 1 236.3 0.000 1.000 0 -0.072 (0.047)       
3 3 238.0 0.000 1.000 0.20 -0.143 (0.088)   0.079 (0.119) -0.002 (0.022)     
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Appendix F (cont): Model selection criteria, parameter coefficients, and standard error of coefficients for logistic models for likelihood of stem 
harvest by beavers. 
Yellow Birch 
Model Rankings Coefficients (and SE) for Effects on Stem Harvest Probability 
Model 
Familya 
k ΔAIC 
Akaike 
Weight 
Cumulative 
Weight 
ROC Intercept Distanceb Diameterc Diameter2 
Distance : 
Diameter 
Distance : 
Diameter2 
8 6 0.0 0.737 0.737 0.59 -1.849 (0.623) -0.116 (0.047) 3.298 (1.230) -0.292 (0.218) -0.056 (0.084) 0.000 (0.016) 
7 4 2.2 0.246 0.983 0.59 -1.270 (0.274) -0.163 (0.020) 2.416 (0.469) -0.269 (0.061)    
6 4 7.5 0.017 1.000 0.59 -1.412 (0.415) -0.065 (0.034) 2.289 (0.680)  -0.152 (0.049)   
5 3 36.4 0.000 1.000 0.59 -0.074 (0.171) -0.175 (0.020) 0.279 (0.060)     
4 2 53.9 0.000 1.000 0.51 0.073 (0.172) -0.162 (0.020)      
3 3 89.1 0.000 1.000 0.22 -2.513 (0.216)  2.105 (0.372) -0.250 (0.048)    
2 2 136.1 0.000 1.000 0.21 -1.465 (0.104)  0.130 (0.049)     
1 1 140.7 0.000 1.000 0 -1.343 (0.091)           
Table superscripts: 
(a) Defined in Table 1. 
(b) Meters from impoundment. 
(c) Centimeters at breast height (for live trees) or height of harvest (for stumps) 
Numbers in parenthesis represent standard error for that coefficient.
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• Instructed 33 undergraduate students in basics of geospatial information technologies, focusing 
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